Objective. Short term exhausting exercise increases the formation of harmful reactive oxygen species. We evaluated effect of vitamin E supplementation prior to swimming on circulating inflammatory markers, muscle endothelial nitric oxide synthase (eNOS) expression, functional and structural changes of muscle and kidney of rats. Methods. 24 male albino rats were divided into 3 groups: (C) control group (not submitted to exercise stress), (S) exercise stress group, and (SE) exercise stress and vitamin E group. The rats from SE group were treated with gavage administration of vitamin E (50 mg·kg⁻¹) prior to swimming. The animals from S and SE groups were submitted to bouts of swimming exercise stress for 1 hour daily for a week. Results. We found that swimming stress significantly elevated plasma tumor necrosis factor-alpha (TNF-α), interferon gamma (INF-γ) and C reactive protein (CRP). Exercise stress caused significant decrease in relative kidney weight, Total body weight (TBW), plasma urea and creatinine levels 30 min. after the last session of exercise. However, it significantly increased urea to creatinine ratio and caused considerable damage in kidney cells as revealed by histological examinations. Microscopic examination of muscle samples showed hypervascularity, raised nuclear number, splitting of muscle fibers, and central location of nuclei. Administration of vitamin E for seven consecutive days before the exposure to exercise significantly decreased TNF-alpha, INF-gamma and didn't change CRP level. Vitamin E supplementation decreased urea to creatinine ratio, increased TBW, increased endothelial nitric oxide synthase (eNOS) expression and ameliorated the structural changes that occurred in the muscle and kidney. Conclusion. Present study revealed that vitamin E supplementation has promising protective role against exercise-induced elevation of cytokines, muscular damage as well as dehydration and potential renal damage.
INTRODUCTION
Swimming is a form of minor traumatic exercise for animals and has been commonly used to elucidate the physiologic and molecular responses of the muscle to exercise stress.
1, 2 Skeletal muscle is a powerful generator of some myokines, especially interleukin-6 (IL-6) 3 . Evidences suggest that regular exercise antagonizes inflammation through modulating cytokines. It has been reported by several studies that skeletal muscles during intense prolonged contraction generate free radicals that damage cellular constituents. 8, 9 It is also reported that low-to-moderate levels of oxidants are capable of controlling gene expression, cell signaling pathways, and modulating force production in the skeletal muscle. 10, 11 Nitric oxide (NO) is one of the primary free radicals generated in the cells. 12 Kidney is considered as one of the important organs affected by exercise.
Estimation of the plasma urea concentration is common screening test for renal failure.
However, blood urea concentration is elevated significantly in advanced renal injury. 13 Blood urea may be elevated for reasons other than glomerular failure, therefore, estimating plasma creatinine concentration and calculating urea to creatinine ratio helps to distinguish the cause of prerenal failure.
14 Alpha-tocopherol has been reported to affect lymphocyte number and circulating levels of cytokines. 5 It has been suggested that vitamin E administration in aged people improves immune response by modulating cytokine production.
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However, previous studies showed conflicting outcomes for the effect of α-tocopherol on inflammatory mediators. 16 The ability of vitamin E to keep functional as well as structural integrity of normal kidney 17 and skeletal muscle have been reported by previous studies. 18 Moreover, role of vitamin E in regulating nitric oxide (NO) production and endothelial nitric oxide (eNOA) synthase activity has been shown by previous studies.
19
Therefore, the purpose of this study is to elucidate the effects of acute unaccustomed swimming versus swimming and vitamin E supplementation on plasma levels of inflammatory cytokines, functional, structural changes in kidney and skeletal muscle as well as eNOS expression in skeletal muscle.
Materials and Methods

Drugs and chemicals
Vitamin E (50 ml kg -1 S. 
RESULTS
Effect of swimming versus swimming and vitamin E on the plasma level of inflammatory cytokines in rats:
One bout of swimming exercise stress until exhaustion for seven consecutive days significantly raised INF-gamma (p< 0.005) ( 
Effect of swimming versus swimming and vitamin E on plasma urea, plasma creatinine levels and BUN to creatinine ratio in rats:
One bout of swimming exercise stress until exhaustion for seven consecutive days caused significant decrease in plasma urea (P < 0.05) ( Fig.   2A ), decrease in plasma creatinine level (P < 0.005) (Fig.2B ), and increase in BUN to creatinine ratio (P < 0.01) in S group after half an hour of last swimming session compared to C group (Fig. 2C ).
Administration of Vitamin E (50 mg/kg, alpha tocopherol) for seven consecutive days prior to swimming sessions caused; insignificant change of plasma urea level in SE group compared to both C and S groups, insignificant change of blood creatinine level in SE group compared to C group was found, significant decrease in plasma creatinine level in S compared to SE groups (P < 0.01). Vitamin E treatment significantly decreases BUN to creatinine ratio in SE group compared to S group (P < 0.05) (Fig. 2C ). Insignificant change in BUN to creatinine ratio in C group compared to SE group was found. (Fig. 2C ). 
Effect of swimming versus swimming and vitamin E on total body weight (TBW) and kidney weight:
One bout of swimming exercise stress until exhaustion for seven consecutive days significantly decreased TBW in S group compared to control group (Fig. 3A) . Administration of vitamin E caused significant rise in % change in TBW compared to both control and swimming groups (Fig. 3B) . Insiginificant difference in initial weight between the three groups and significant rise in TBW for all groups compared to their initial weight was found (Fig. 3A) . Swimming exercise stress significantly decreased absolute as well as relative kidney weight in both S and SE groups compared to C group ( Fig. 3C & 3D) .
Effect of swimming versus swimming and vitamin E on kidney structure:
Changes of kidney sections stained by HE: C group (Fig. 4A) showed normal glomerular shape, capillary size, and normal renal tubules epithelium.
In contrast, the rats in S group showed glomerular congestion and swelling, disintegration of tubular epithelium, dilated tubular lumen (Fig. 4B ). Such pathological changes were slighter in the rats of vitamin E supplementation (Fig. 4C) . 
Changes of gastrocnemeus muscle with transmission electron micrograph (TEM):
Control group (Fig 6.1 Our results also revealed that vitamin E administration just before the exercise greatly improved muscle structure and significantly decreased circulating levels of TNF-α and INF-γ.
The beneficial effect of vitamin E on muscle structure is supported by previous studies. Those studies proved the role of antioxidant in skeletal muscle cell including the control of gene expression, regulation of cell signaling pathways, and modulation of muscle force production. Therefore, we may speculate that vitamin E through increasing the expression of eNOS produce considerable amount of NO that regulate haemodynamics and proliferation of skeletal muscle.
In conclusion:
We suggested that supplementation of the alpha tocopherol form of vitamin E before acute unaccustomed swimming exercise might be beneficial prophylactic measure against elevated inflammatory markers, kidney and skeletal muscle damage.
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